We explore the possible enhancement of direct CP violating parameter ǫ ′ /ǫ in the general left-right model based on the SU(2) L ×SU(2) R ×U(1) gauge group. The mixing matrix of right-handed quarks, V R CKM is observable in the left-right model, and provides new source of CP violating phase. We calculate the parameter ǫ ′ /ǫ in the left-right model and show that the new phases can yield the sizable contribution to the direct CP violation in K → ππ * present address †
The experimental situation of direct CP violation in neutral kaon system becomes settled down by the recent measurements of Re(ǫ ′ /ǫ) by KTeV and NA48 collaborations, which favor the nonzero value reported by NA31 group [3] . The present world average including the earlier NA31 and E731 [4] measurements reads Re (ǫ ′ /ǫ) = (21.2 ± 4.6) × 10 −4 ,
leading to the conclusion that the parameter Re(ǫ ′ /ǫ) is non-vanishing. Therefore, ruled out is the superweak model for CP violation by this nonzero value of ǫ ′ /ǫ, which predicts no direct CP violation. More accurate value of ǫ ′ /ǫ will be obtained as NA48 and KTeV experiments further proceed and a new experiment, KLOE, at the Frascati Φ factory has started [5] . The standard model (SM) prediction originated in the Cabbibo-KobayashiMaskawa (CKM) phase is still controversial. One cannot conclude a significant discrepancy with the SM in the measurement of ǫ ′ /ǫ in spite of the 3-σ deviation of the SM prediction because of large theoretical uncertainties, coming from various nonperturbative aspects such as the hadronic matrix elements, final state interactions, isospin breaking effects, and the strange quark mass, etc.. Still it would be interesting to consider other source of CP violation from new physics beyond the SM, since the observed value of Re(ǫ ′ /ǫ) is unexpectedly large.
Supersymmetric contribution to Re(ǫ ′ /ǫ) are extensively studied in literatures [6] . Effects of anomalous couplings [7] and two Higgs doublet model [8] are also considered.
The left-right (LR) model based on SU(2) L × SU(2) R × U(1) gauge group is one of the natural extensions of the SM [9] . In the LR model, the right-handed CKM matrix V R CKM which describes mixing of right-handed quarks is an observable quantity while it is not in the SM. If we make a demand of manifest left-right symmetry on the LR model, V
R CKM
should be identical to the usual CKM matrix, and we cannot expect a sizable contribution to the CP violation from the right-handed sector since effects of the right-handed current interaction are suppressed by a large mass of heavier charged gauge boson W R . Actually the generic suppression factor involved in the right-handed sector of the LR model is given The K → ππ processes are described by the ∆S = 1 effective Hamiltonian written by
where Q i are the SM operators, Q 
where
and i = u, c, t. The loop functions D 0 (x) and E 0 (x) are same as those of the SM and given in the Ref. [11] . Besides the effective Z-penguin vertex with the internal
with the new loop function
in the leading order of the suppression factor β g . The Zff vertex is left-right asymmetric and the new ZW
vertex of the SM. As a result the loop function of Z-penguin vertex is different from that of the SM. We do not include the contributions from the charged Higgs boson here. It is phenomenologically acceptable, if we assume that the charged Higgs boson is sufficiently heavy.
The relative strength of new effective vertices to the SM ones are generically given by
where F (x) is a generic loop function. Note that this ratio goes to the generic suppression
We point out that the new vertices can be enhanced by the 
where the functionB(x
is found in Ref. [11] . We find that this is additionally suppressed by β g as well as the loop function factor (g
For the box diagram with one W R boson and one W L boson exchanges, the chiral structure makes the contributions proportional to the masses of internal quarks as well as the CKM factors such that (sd)(dd) 
We ignore the running from the scale µ = m W R to m W for simplicity and perform the In the LR model, the parameter Re(ǫ ′ /ǫ) is expressed in terms of CKM factors as Table 1 .
We obtain the SM prediction N SM t = 5.79 (NDR) and 3.91 (HV) with parameters obtained by Monte Carlo method in Ref. [15] . The SM prediction is reduced by cancellation between ∆I = 1/2 and ∆I = 3/2 contributions, as the electroweak penguin contributions are enhanced by large top quark mass. In the LR model, W R is generically much heavier than top quark and the electroweak penguin contributions are relatively small as x ′ ≪ 1. Thus there is less cancellation between ∆I = 1/2 and ∆I = 3/2 contributions and contributions of right-handed sector to ǫ ′ /ǫ can be larger than expected.
It is well-known that the K −K mixing puts stringent constraints on the LR model [16] .
If the left-right symmetry manifests, the mass of W R boson should be greater than 1.4 TeV to satisfy the experimental ∆m K and ǫ K data [11, 19] ,
The bound on m W R can be lowered by assuming [17, 18] . In general, V R CKM is represented by 9 parameters, 3 angles and 6 phases and ǫ ′ /ǫ is expressed by complex combinations of them. We scan all the angles and phases to explore the full parameter set of (λ R i , m W R ) providing measured value of Re(ǫ ′ /ǫ). We limit the contribution of the LR model to the ǫ K to be within the measured error, which implies that the indirect CP violation is originated by the left-handed sector alone. The box diagrams of the SM describe about 70% of the measured K L − K S mass difference and the remaining part is attributed to unknown contributions including nonperturbative effects. So we assume that the new contributions ∆m R K is required not to exceed 30% of the measured ∆m K here. Fig. 1 with respect to the mass of the W R boson.
